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A  mr(h<)d  is  presented  for  drtr^mlnln^  ilu*  deck  moiion  i>f  uti  ait(r.di  tdiMtM  in  trims  id  fh^*  liMal 
rrirrenir  ttKirdmair  svsirm  of  ihr  ship.  Drier minaiion  of  .nioiion  is  .»  prrUidr  lo  pmlitnon.  and  pir- 
diction  IS  rrt|uirrd  lo  fatililalr  safe  landing  o|)rraiions  undri  all  ssrathrr  tondiii ms  drirrmina 

tion  and  prrditiion  are  nrerssarv  in  terms  of  the  same  Iin.iI  rofereiue  tiMiidinale  system  as  that  iisi  d 
by  the  landing  aircraft  ifu-insel\c*s 

I  he  hnding  <d  the  deck  motion  is  delerminisiu  rathei  than  siiHha^iK.  inasmiuh  as  the  prohahihis 
of  knowing  the  sea  stale  at  any  given  time  and  place  and  the  ship's  dvnamic  res|>onse  theieio  is  less 
than  the  probability  <d  a  landing  accident  not  iKcurrin^  I  he  moiic^n  vsocild  fie  determined  fis  a  dif> 
ferential  analyzer  solving  a  sx  .iem  of  six  diflereniial  ecpiaiionsof  ship  motion  Inputs  to  the  differential 
anaU/er  are  readings  of  the  accele  rometers  ancf  the  latitude  and  longitude  data  of  the  ship  I  he 
accelerometers  are  fixed  to  the  Unly  axes  of  the  vessel,  and  “stable  platforms  '  are  therefore  not  re* 
cpjired.  ('.omputation  is  thus  fx^rfor iiied  onh  hv  electionic  means. 


INTRODUCTION 

1  here  are  essentially  two  ways  of  deierinining  the  deck  rntititm  of  aircraft  (arriers,  and  these 
two  methods  hasit  ally  apply  to  the  determination  of  the  motion  of  any  vehicle.  One  is  a  self* 
contained  method,  site  h  as  inertial  or  geomagnetk ,  and  the  other  is  based  on  the  use  ol  ^uide* 
|K)sts  such  as  the  sun  or  the  other  stars.  In  the  guide|K)st  method,  sun  or  stellar  trat  kers  would 
be  used.  If  the  trackers  were  optical,  however,  the  rnethcKf  would  be  foreclosed  by  inclement 
weatfier.  If  the  ucukers  were  radio  telesio|K‘s.  tlien  ilie  vessel  must  carry  the  appropriate  an¬ 
tennas  which  may  not  Ih*  feasible  because  of  their  si/e  and  dynamics. 

One  could  argue  that  the  deck  motion  of  a  vessel  would  fx*  known  if  the  characteristic  Ik*- 
havior  pattei n  of  the*  \c*ssel  were  known  foi  a  set  of  gi\c*n  suiface  w.ivefoims  of  t lie  sea.  Such 
characteristic  Ixdiavior  can  fx*  ascertained  ex|x‘rimentallv ,  but  only  for  the  waveforms  useef  in 
the  ex|x*rinienls,  unless  the  differential  ec|uations  of  the  nonlineat  dvnamic  system  of  ship  and 
sea  can  lx*  obtained.  But  this  argument  would  lx*  valid  only  if  we  could  determine  the  con- 
tem[K»rary  serface  waveform  of  the  neighixiring  sea  with  sufficient  precision  from  the  moving 
vessel  itself,  which  is  indeed  a  verv  difficult  thing  to  do.  The  input  to  the  'lilack  Ixix"  must  Ik* 
known  in  order  to  know*  its  output  without  measuring  that  output,  even  though  we  assume  a 
linear  Ixix  and  know  the  c  harac  teristii  s  of  the  lx)x.  If  we  were  to  map  the  seven  seas  to  determine 
the  probabilistic  relationsiiips  Ix'tweeii  the  surface  waveforms  and  the  Icxation  and  time  of  the 
year,  then,  it  is  argued,  the  surface  waveforms  arc  everywheie  and  always  known.  Rut  the 
probabilities  (assuming  that  th^*  stixhastM  tt*sts  are  exhaustive)  would  undoubtcxflv  not  lx* 
grc'aler  thati  the  probability  of  a  carrier-landing  accident  not  cxc  iirring,  and  a  stcx  hastic  methcxl 
of  determination  and  hence  preciiction  would  therefore  not  be*  as  useful  as  a  deterministic  one. 
I  his  analysis  therefore  chcxises  a  deterministic  rather  than  a  stcxhastic  approach  to  the  matter 
of  dexk  motioti. 

Of  the  self-contained  methixis  of  deck-motion  determination,  the  conventional  inertial 
methcxl  has  lx*en  chosen,  lx*cause  the  technologv  of  its  instrumentation  is  lelatively  well  ad- 
vanccxl.  The  basic  ecpiations  foi  dex  k  motion  will  lx*  set  forth.  I  he  solutions  of  the  se*  c*c|uations 
will  lx*  the  six  generali/cxl  ccNitdinales  of  the  carriei  cUnk.  .An  anaivsis  of  the  prcxliction  of 
this  motion  will  follow  in  a  siibsec|uent  re|M)rt.  It  is  the  prcxiiction  of  the  geneiali/c*d  c  <Kudinatc*s 
that  IS  of  impuit.iiue*  in  e  at  t  let -Litiding  opeiatioiis.  but  we  must  Inst  know  what  we*  need  to 
|)i  exile  t. 
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P  A  CRAflON 


Previous  research*  ai  NRL  was  concerned  wich  the  overall  problem  of  (larrier  All-Weather 
Flying  ((lAWF),  of  which  the  deck-motion  problem  is  a  part.  Additionally,  some  measurements 
have  been  made  of  the  im»lion  of  particular  vessels  {eg.,  USS  MA(X)N)  at  sea.  Data  previously 
obtained  ^ive  an  indication  of  the  Irecjuenc  v  content  of  the  wave  motion  of  the  sea  and  are 
useful  in  the  selec  tion  of  the  numerical  parameters  of  predictors. 

DIFFERENTIAL  EQUATIONS  OF  DECK  MOTION 

An  inertial  system  of  motion  determination  recpiires  a  ^c'cnentric  inertial  reference  frame, 
but  the  ac  tual  carrier  landing  o|km  ation  is  performeci  in  the  context  of  a  Ick  al  Fuciidean  c(M)rdi- 
nate  system  originating  al  the  aircraft  carrier  and  having  the  IcMal  vertical  and  the  two  IcKal 
hori/ontals  as  its  ccH)rdinale  axes.  \Xv  therefore  recpiire  two  reference  coordinate  systems,  as 
well  as  several  other  coordinate  systems. 

Figure  I  shows  what  ap|H*ar  to  hv  two  sets  of  Fuc  lidean  c(M>rdinate  systems.  One  set  originates 
at  the  gecKenter,  and  the  other  set  ap|RMrs  to  originate  at  the  airc  raf  t  c  arrier.  Fhe  set  apparently 
originating  at  the  carrier,  however,  consists  of  c(M>rdinaie  lines  through  the  carrier  that  are 
actually  part  of  the  set  originating  at  the  gecKenter.  (i(M)rdinate  system  u  is  the  inertial  reference 
frame.  The  c<M)rdinale  axt‘s  of  u  that  pass  tiuough  the  vessel  s  center  are  called  x*.  I'he  l(Kal 
vertical  at  the  ship  is  axis  z'\  Icnal  horizontal  axis  2*  is  tangent  to  the  latitude  c  urve  of  the  earth; 
Imal  horizontal  axis  2^  is  tangent  to  the  longitude  c  urve  of  the  earth.  I'he  2^  ccH)rdinate  axes  are 
those  ccMirdinate  linc‘s  of  the  gecKenter-originating  17  c(M)rdinate  system  that  pass  through  the 
ship’s  center.  'Fhus  r)  rotates  alK)Ut  the  gecn  enter  as  the  ship  moves  over  the  surface  of  th  earth. 

I  hey^axes  are  the  ship’s  bcnly  axes.  Axisy*  is  the  ship's  vertical  axis,  and  they*  plane  is  there¬ 
fore  the  plane  of  the  flight  dec  k;  y*  is  the  fore-and-aft  axis;  and  y’  is  the  athwartshipaxis.  I  hese 
axe>  are  the  c(M>rdinate  lines  through  the  ship’s  c  enter  of  the  w  c(M)rdinate  svstem  originating  at 
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thf  ^nKcnter.  Vhc  w  c<M)r(iina(e  system  rotates  aJKuii  the  gecnenter  as  the  ship  rolls,  yaws,  and 
pitches  about  its  tenter  of  mass. 

The  motion  of  the  ship  is  established  if  we  determine  the  motion  of  three  noiuolinear  |)oints 
in  the  ship.  We  will  choose  a  |)oini  on  each  of  the  IxMfy  axes,  and  will  fix  our  accelerometers 
directly  to  the  bcnly  axes,  thus  removing  any  need  for  “stable  platforms."  At  eat  h  jKiint  P,„)On 
lK)dy  axis  y",  and  at  distant  e  X,„i  from  the  t  enter  of  mass  of  the  ship,  we  will  establish  a  coordinate 
system  yiai  suc  h  that  eat  h  axis  is  res|K*t  tively  parallel  tt)y'.  riie  att  elerometers  are  mounted 
at  each  |K)int  such  that  the  axes  of  the  instruments  are  res|H‘t  tively  parallel  to  the  hotly  axes  of 
the  ship.  Since,  fiowevei.  the  ship  has  six  degrees  of  freedom  and  therefore  six  generali/ed 
t<H)rdinates.  only  six,  rather  than  nine,  accelerometers  need  be  ust‘d.  At  P,i,,  we  will  mount  two 
attelerometers  with  axes  res|K*ttively  parallel  toy*  andy*;  at  Puu  we  will  mount  tw'o  attelerom- 
elers  with  axes  res|K*ttively  parallel  to  y*  and  y*;  anti  at  Pi\u  v^e  will  mount  two  attelerometers 
res|K‘ttively  parallel  tt)  y‘  antf  y*. 

We  will  let  the  c,  l>e  the  base  vectt)rs  of  the  u  ttM>rtlinate  system  and  therefore  of  x  as  well. 
I  he  Ml  are  the  base  set  tors  of  the  w  etjordinate  system  and  therefore  also  of  y,  and  the  are  the 
base  vector*^  of  the  r)  tcNirdinate  system  and  therefore  alst)  of  z. 

Ihe  |M>sition  sector  of  the  center  of  mass  td  the  ship  is  R.  and  the  |>osilion  vectors  td  the 
acteleromeier  |N)ints  itre  res|K*ttively  r,„>.  We  therefore  have 

=  R  +  A,..,  aa  (I) 

and  the  acceleration  t>f  jxiint  is  therefore 

r,„,=  R+A,„,  ji«.  (2) 

In  terms  of  the  ttM)rdinales  of  |M)int  Pat  in  the  w  ttM>rdinate  system  (which  is  essentially  the  htnly 
((M)rdinate  system),  the  |M)sition  vector  is 

=  ^  A, ^  Ci) 

where  the  are  the  ttK)rdinates  of  the  ship’s  tenter.  I'he  vel(Kity  td  is  therefore 


Tiai  =  lef  +  +  A,„,io  =  i,  (lej  4  A<„,  8')  -h  m,  lef 


ic) 


in 


ir) 


ir) 


and  the  acceleration  is 


(4) 


fiai  =  «!  u;' 


id 


+  2«.  <,  +  «.%'„ 


=  a,  +  A,.,  8*J  +  2a,  + 


a,  It'* 


(f)) 


But 


a,  =  e 


^  <lw' 


wlu'ir  tlif  e,  an*  «onslaiit.  an<l  liriMO 


d 

^ 


(7) 
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SilUf 


..  _  ^ 

<//* 


(H) 


wv  obtain 


(9) 


and 


d  du^ 
du*  dt 

du)^  d^  du^ 
du^  dt^  dw^' 


(10) 


(II) 


In  a  carrier-landing  o|H*ration,  we  are  inti  rested  in  the  motion  of  the  carrier  in  the  context 
of  the  Tj  ccMirdinate  system  rather  than  of  the  u  c(M)rdinate  system.  We  therefore  write 


and 


die*  _  die* 
daJ  dT7"*  du^ 


Thus 


du^  _  da^  dr;" 
die^  dry"  die* 


and 


d  da-*  _  da-*  d  drj"  ^  dTj”  d  da-* 
dt  die*  dr^**  dl  die*  die*  dt  drj" 


(14) 


d^  da-*  _  da-*  d^  dt)"  d  da-*  d  djT^  dr;"  d^  da-* 
d/*  die*  drj"  dr*  die*  ^  d/  dtj"  dt  die*  ^  die*  dt^  di7"' 


The  sets  of  ec|uations  of  transformation  In^tween  w  and  17  aiul  between  17  and  u  are  linear,  and 
therefore  die*/di7"*  and  di7"/da-*  are  independent  of  the  c<M)rdinates  themselves  and  are  func¬ 
tions  of  the  angles  describing  one  coordinate  system  in  terms  of  the  other.  The  angles  bc’tween 
w  and  17  are  their  set  (d  F.iilerian  angles,  and  the  angles  between  17  and  u  are  the  earth’s  longitude 
and  latitude  of  the  |K)sition  of  the  ship.  The  Kulerian  angles  fHMween  w  and  17  define  the  roll, 
pile  h,  and  yaw'  of  the  ship  al»^nil  its  center  with  lesfHxi  to  the  liHal  leference  c(M)rclinate  sysitio  z. 
They  are  therefore  three  of  the  six  geiierali/ed  c(M>rdinatc*s  of  the  ship.  The  remaining  three 
generalized  ccMirdinales  are  the  ccKirdinates  of  the  shi|>\s  center,  essentially  in  its  own  Imal 
reference  c<K>rdinate  system. 

Let  the  0*(/),  1  =  1,2,3,  be  the  Kulerian  angles.  And  let  f  Ik*  a  sfiherical  ccMtrdinate  system. 
sh<)wn  in  Fig.  2,  <)riginating  at  the  gcMM  enter;  is  the  longitude  relatise  to  the  nonrotating  u 
c(M>rclinate  system,  and  is  the  latitude,  of  the  vessel’s  position  on  the  surface  of  the  earth. 

We  obtain 


dt  die*  die*  d(^^^ 


(lb) 


.ind 


A. 

dt  di7**  dr^**  d^** 


(17) 
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Fir.  2  -  Spherical  (oordinatr  5>Mr(n 
for  the  %hip  «  I<n  :«iion 


rhcrt*r«»rf, 


dw^  dt  \  dw*  ) 


3^17"  .  .  3*17" 

- - - 6^  6^  -F - - —  6^ 

dw*  30^  30«  dw*  dd>^ 


^  ht,  =  A.  (  kr\  ^ 

dt^  317"  ~  d  vary"  3^"  ^  / 


.  .  3*a^  • 

- r  C  ^ - f"* 


3t)"  a^^  3f* 


Substituting  Eqs.  (16)  through  (19)  in  Eqs.  (14)  and  (15).  we  obtain 

^  _  du^  3^17"  •  ^  3i7"  a^u^  . 

dt  3tt;*  317"  3ii;*  3<^^  31*;*  3tj"  a^'* 


c/*  3uJ  3a^  /  3^17"  ,  ,  3*17"  ..  \  317"  /  3®w^  .  .  3*ii^  -  \ 

- = -  I - - - ^ —  ip  I  -F  — ^  I - -F - j  (21) 

dt^  aw*  3t;"  \3it^<  3ip  34>«^  ^  aw*ad>^^  /  aw*  \ar}’^  a(^  a(^  ^  ^  3T^"3f"^/*  '  ^ 


3*17"  ..  \  3t7"  /  3®w^  .  .  3*11^  .•  \ 

- 1 -  AP  )  -I - L-  ( -  erti  ^  -  er  J 

)w*  a4>f^  ^  )  aw*  \3ti"  ai^  av  ^  ^  ac  ^  ' 


riie  time  de!i\ati\es  of  the  base  vectors  tan  now  be  wrillen  as 


3a'^  d  au^  3ie*  ati*"  /3a^  3*17"  317"  3*ii^  •  \ 

- =  - L_  ( - 1 AP  ^  — I - ) 

3a^  d/  3ie*  317'**  3a^  \3i7"  3i^’^  3i^p  3ie^  317"  3^'’  / 


a<  =  Bk 


3ii»A  ^uJ  Sw^  3t7'**  r  3a-^  / 

3tt-^  dt^  aw*  3t7”*  3a^  v 


3^11-  .  .  3*17"  ..  \ 

- ^ - i^ip  +  — - - ip  I 

3it’^  3ip  a<t>^  aw*  3ip  / 


3i7"  /  3*a^  .  .  3*u>  ..  Xl 

Sw'  (<»17"  i)('  ^  OT)"  ^  )J‘ 


(i 


!•  A  (  KAt  I  ON 


SuhsiiliuiiiK  K<|s.  (22)  and  (23)  in  K(|.  (5),  wt*  oluain 


rirti 


dw‘‘  dri’"  /r>u-*  d^rt"  Otj*  d*u^  •  \  . 

=  tt,*,  +  2a* - ( - ; - -t-  — - - )  wir, 

arj"  V^Tj"  dw*  aw‘  dri"  / 

Sw*  Aj)’"  r /  a^Tf”  1  .  ■■  \  ^’7"/  V’ 

^  ***  ^Tj"*  au^  a-q"  Vott'*  a<t>'’  a4>f  ^  aw‘  a<t>^  ^  ^  aw'  Iotj"  a^'  a^'  ^  ^ 


a^u^  ••  \i 

+ - rjj  (< 


aq"  di 


+  x..„  8!.). 


Siiuf 


u;,V,.+  X,,.,  8^  s  wl, 


(rl 


wr  (an  iu*gl(Tl  llu*  last  iiMiii  (»t  K(|.  (24),  and  tiu*  (oin|M>ncnts  of  fat  ‘ttr 


A* 

(«>  (r) 


dw*^  dr}^  /  du^  ^*17"  .  ^17"  . 


^  /aa> 


4>f'  h 


X 

a«;'  Ot)"  df  «■  ^  /  '"' 


aq”  aui  \aq"  aw'  a<t>i>  aw'  aq"  a^' 

a*q" 


(24) 


(25) 


div*  aq”  r  au^  /  a^q"  •  .  a*q"  ..  \  . 

^^17"  bu^  _aq"  v^M'*  a<f>>‘  a^"  ^  ^  ^  •  \3tj»  ac  a^'  ^  ^ 


d*u> 


T^')] 


W* 

(rr 


dTj" 

The  actual  tradings  of  the  accelerometers  are 

^*..=  A*„,  -AT* 


(26) 


(27) 


where  tlie  are  the  c(>m|M>nents  in  the  w  ((H)rdinate  system  of  the  gravitational  field  intensity 
g.  Since  coni|)onen(s  of  g  are  usualK  given  in  17,  we  writ* 


aie^ 

g^{w)  =  >'(17)  T7 

dTj 


(28) 


wfiere  the  are  the  c(»m|M>nents  of  g  in  17. 

Kc|uations  (27)  are  the  system  of  six  differential  c^ejoations  of  motion  of  the  carrier  deck; 
a  =  1,2,3,  hut  a  ^  A.  I  fie  solutions  of  tliis  system  of  differential  (*(|uations  are  the  three 
ie|^^(/)  and  the  three  <<>'(/)  The  ate  tlie  forcing  functions  of  tfie  system. 

riie  c^MO  ittr  ifiree  of  tlie  generali/c*d  c<MU(linatc‘s  of  the  earlier  deck.  1  he  remaining  tfiree 
generali/ed  oKirdinates  ate 

’'Ir.  =  <  “’.'o’  “1r.’  <f' 

wliich  are  functions  of  the*  u’|^^and  of  tlie 

EQUATIONS  OF  COORDINATE  TRANSFORMATION 

The  ortliogon.il  ti.insfoi  inations  give  lise  to  lincMi,  (*(|uations  of  cootdinate  transformation. 
Ill  ordei  to  ohtain  tlie  ecju.itions  of  ccNudiiiate  ir.uisfoi  ni.ition  Ini  ween  w  .ind  17,  we  cause  17  to 
iindeigo  three  successive  finite  toiatiori.il  dis|)l.ic emcMils  c^V  I  lie  first  rotation  is  that  of  T/ alxuit 


/ 

\RI  KMMIK  I  ^  7 


Fl^  —  hiilriian  (Miglrs 


axis  7}’’^  H)  ohiaiii  anotlu*r  Kiulidraii  ((M)i(iinaU*  sysicrn  17.  as  shown  in  Fig.  3a»  whnsr  base  veciois 
arc  c,.  I  bis  first  rnlatinnal  displac  ement  is  the  i  rst  Kulei  ian  angle  The  equations  of  to* 
ordinate  tiansfonnation  fn^tween  17  and  17  are 


where 


17*  =  /<*  Tjj 


(los  sin  <f>'  0  \ 

—  sin  0*  cos  0  j. 
0  0  1/ 


(30) 

(31) 


I  he  second  Kulerian  angle  is  the  finite  rotational  (iisj)lacement  c^^  of  ^  about  axis  to  obtain 
the  Kiulidean  c<M)r(iinate  system  7)  (Fig.  3b),  whose  base  vec  tors  are  d^  Fhe  equations  of  co¬ 
ordinate  transformation  are  t 

W  =  ]  (32) 

where 

/I  0  ,  0  \ 

(fl;)=l0  (os<^*  sm<t>'\.  (3S) 

\0  —  sin  cos 

The  third  Kulerian  angle  is  the  finite  rotational  displacement  of  I7  about  t<»  obtain  the 
F.uc  lidean  ccMudinatc  system  w  (Fig.  3t  u  whose  base  ventors  are  the  Mi.  Fhe  equations  of  co¬ 
ordinate  transformation  are  ^ 

w*  =  (34) 

where 

/  cos  sin  0\ 

(Cj )  =  I  —  sin  cos  0  j.  (35) 

\  0  0  1/ 

File  overall  cHjuations  of  ccK)rditiale  transformation  In'tween  w  and  7)  are  therefore 


V 

J 


(36) 
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where 


and  therefore 


(rj)  = 


r*  - 

c 

fl* 

j 

k 

m 

J 

COS 

0* 

COS 

COS 

sin 

sin 

sin  4>^\ 

cos 

sin 

sin 

4- 

cos 

cos 

sin 

sin 

cos 

<t>' 

- 

sin 

sin 

cos 

sin  4>* 

cos 

sin 

cos 

4- 

cos 

cos 

cos 

sin 

sin 

— 

sin 

cos 

cos 

y 

The  inverse  equations  of  c<M)rdinate  transformation  are 

»j‘  =  E]  wi 

where  the  matrix  (£j)  is  the  inverse  of  (Pj)  and  is  therefore 


(37) 


(38) 


(39) 


^  cos  cos 

--  sin  cos  0* 

sin  <t»'  sin 

—  cos  sin  sin 

—  cos  0*  sin  cos  </>* 

cos  sin 

—  sin  4^^  sin 

—  sin  4>*  cos 

4-  cos  cos  sin 

+  cos  cos  0*  cos 

^  sin  sin 

cos  sin  0* 

cos  <tt*  J 

The  transformation  rf  **  u  is  also  linear  and  involves  the  long^itude  and  latitude  angles, 
and  respectively.  In  order  to  derive  these  equations  of  t<K)rdinate  transformation,  we  at 
first  consider  the  finite  rotational  displacement  of  u  about  u’  through  a  finite  angle  resulting 
therefore  in  a  c(X)rdinate  system  «<»  (Fig.  4).  This  first  orthogonal  transformation  is 

lift  =  tt>  cos  +  u*  sin 

i^t  =  —  i|i  sin  4-  u*  cos  4*  (41 ) 

We  then  rotate  ^  through  a  finite  angle  f*  about  axis  resulting  therefore  in  c<M)rdinate 
system  t),  as  shown  in  Fig.  5.  This  second  orthogonal  transformation  is 

Tj*  =  tfi*  cos  4-  sin 

T)*  -  (42) 

jji  =  —  sin  4-  cos 

The  overall  equations  of  cmirdinate  transformation  are 


Tj'  =  Hj  uJ 


(43) 
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(44) 


(45) 


(46) 


(47) 
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U()on  suhsiitutioi)  of  K(|s.  (2i\)  aiui  (28)  in  K(|.  (27),  wc  obtain  xhv  (liticienti«il  r<|uations  of 
motion  of  thr  carric*!  (It‘(k  as 


^  d-q"*  /  ^*17"  •  ^  •  \  .  ^  ^  St)*”  j  /  <^^17" 

^  aTj"  duJ  Uij"  Su>  ^u‘  f)i7"  ^  /)T)"  {iu>  l^Tj"  lau'  (Httf-  a<<>« 

d*Tl"  •;  \  dT)"  /  ,  .flit* 

flit'  flif*" ^  flu;'  (flT)"  fl^*- fl^*  ^  ^  flTj"  fl^^  OJ  ^  flTj' 


=  v„,  (^) 


(A  Jr  =  1 ,2,3;  tt  ^  A  )  (48) 

wlu‘ie  the  and  ^ivr  rise  to  (<M*nicu‘nts  that  arc  also  cxplicitU  dc|HMHlcnt  on  titne. 


CONCLUSIONS 

I  his  rc|M)it  has  presented  .111  <in.d\sis  of  ilie  d(‘c  k  motion  of  an  aii(  raft  (an  iei  and  h.is  derixed 
the  system  of  diHerenti.d  eipi.itions  of  motion.  Motion  is  .isicit.iined  h\  tlie  sohititai  of  tlie 
system  based  on  anelerometet  leadings  and  on  latitude  and  longitude  data  «is  in|>nts  t(»  the 
system.  I  he  auelerorneters  vxould  fn*  .itt. idled  to  tfie  Ixidy  *ixes  of  the  xessel,  and  iheiefore  no 
"stable  platforms"  would  be*  recpiiied.  All  (oinputation  would  tiujelore  he  b)  eleitionu  me.ins 
alone. 

Current  information  on  the  generalized  uMirdinates  of  motion  is  recpiired  in  order  that  the 
KMirdinates  l>e  predictable  in  time,  rhus  the  outputs  of  the  differential  analv/er  solving  the 
system  of  differential  ecpiations  l)ecome  tfie  inputs  to  a  six-c  liannel  predidor. 

Motion  determination  is  based  on  motion  measurement  rather  than  on  the  d  .namK  res|>onse 
of  the  vessel  to  a  given  sea  state;  the  sea  state  cannot  Ik*  determined  with  sufficiency  fiom  the 
moving  vessel  itself,  and  the  lx*havior  characteristics  of  the  ship  cannot  Ik*  adc‘c|ualely  pie- 
determined  owing  to  the  nonlinearity  of  the  dynamic  system  of  sea  and  ship. 
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